ABSTRACT BACKGROUND AND OBJECTIVE: Very few drugs are approved for obesity treatment by regulatory agencies. Very recently phentermine/topiramate controlled-release [PHEN/TPM CR; (Qsymia ® )] obtained Food and Drug Administration (FDA) approval as an addition to a reduced-calorie diet and exercise for chronic weight management. Our aim was to review the available clinical evidence on weight loss, metabolic effects and adverse events associated with use of this product. METHODS: Randomized controlled trials with phentermine/topiramate controlled-release were selected through a Medline search using the terms: phentermine and topiramate, phentermine and controlled release topiramate, new anti-obesity drugs and phentermine/topiramate, recent combinations of anti-obesity drugs and Qnexa ® . RESULTS: PHEN/TPM CR was associated with a weight loss of 8.1-10.9 % (mid and high dose, respectively), while patients in placebo groups lost 1.4-1.8 % of their initial weight. PHEN/TPM CR also resulted in a significant decrease of waist circumference. Weight loss with PHEN/TPM CR was associated with a decrease in blood pressure but with a slight increase in the heart rate. Furthermore, in all trials it exerted favorable effects on lipid profile, especially on triglycerides and high-density lipopoprotein (HDL) cholesterol. PHEN/TPM CR treatment also improved insulin sensitivity and glycemia. Moreover, it decreased significantly progression to type 2 diabetes. In all of the studies the severe adverse events were similar between the control groups and the groups of PHEN/TPM CR. The most frequent side-effects observed in the active treatment group were paresthesia, dysgeusia, dry mouth, constipation and insomnia. WHAT IS NEW AND CONCLUSION: PHEN/TPM CR combined with lifestyle modification may be an effective and well-tolerated treatment for obesity and weight-related metabolic complications. Its long-term efficacy and safety have yet to be defined.
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tension, type 2 diabetes (T2D), hyperlipidemia and atherosclerosis. Obesity is an independent risk factor for cardiovascular disease 2, 3 and predisposes to several types of cancer. 4 Obesity is also related to other non life-threatening diseases including psychiatric disorders, arthritis and sleep apnea. 5 Current strategies for the treatment of obesity include lifestyle interventions, pharmacotherapy and bariatric surgery. Although dietary treatment associated with exercise is the cornerstone of treatment, it is very often inadequate. Thus, drug therapy may be important to supplement lifestyle treatment. Antiobesity medication can be classified as centrally-acting or peripherally-acting. [6] [7] [8] Recently, two of the most widely prescribed drugs, sibutramine and rimonabant, were withdrawn from the market. Sibutramine was withdrawn because of an association with increased cardiovascular events and strokes, and rimonabant because of an increased risk of psychiatric adverse events, including depression, anxiety and suicidal ideation. 9 Previously, other anti-obesity drugs (fenfluramine and dexfenfluramine) were withdrawn due to serious adverse events. Therefore, there is a need for new, more effective and safe drugs. 10 Drugs approved by the Food and Drug Administration (FDA) for the long-term management of obesity, including weight loss and maintenance of weight loss, are used in conjunction with a reducedcalorie diet and are recommended for patients with an initial body mass index (BMI) 30 kg/m 2 , or 27 kg/m 2 in the presence of other risk factors (e.g., type 2 diabetes (T2D), dyslipidemia, controlled hypertension). The FDA evaluates the efficacy of drugs for obesity primarily based on changes in body weight. According to the 2007 FDA draft guidance for industry entitled "Developing Products for Weight Management," demonstration of efficacy after one year of treatment can be achieved by meeting either of the following co-primary endpoints: (i) the difference in mean weight change (expressed as a percentage change relative to baseline) between the active-treatment group and placebo is >5% and the difference is statistically significant; and (ii) more than 35% of patients lose 5% of their baseline body weight in the active-treatment group and this is approximately double the proportion in the placebo group, and the difference in proportions between the active and placebo group is statistically significant.
The respective guidelines of the European Medicines Agency (EMA) state that demonstration of at least 10% weight loss from baseline weight over one year, which should also be at least 5% greater than that achieved with placebo, is considered to be a valid primary efficacy criterion in clinical trials evaluating new anti-obesity drugs. In addition, the EMA requires improvements in lipids, glycemia and other obesityrelated metabolic abnormalities.
Recently, two new drugs have been approved by the FDA for the management of obesity: Lorcaserin (Belviq ® ) and phentermine/topiramate controlledrelease (PHEN/TPM CR) (Qsymia ® ). In the present review we discuss the efficacy and the metabolic effects as well as the adverse events characterizing the new anti-obesity drug PHEN/TPM CR (Qsymia ® ) (the original name was Qnexa ® ).
METHODS
Relevant articles were identified through a Medline search (up to October 2013) using different terms as "phentermine and topiramate, phentermine and controlled release topiramate, phentermine in combination with topiramate, new anti-obesity drugs and phentermine/topiramate, recent combinations of anti-obesity drugs, phentermine/topiramate and review, and Qnexa ® ". We focused on papers with larger numbers of patients and with key observations related to the topic of this review.
PHENTERMINE (PHEN)
Phentermine was approved for use by the FDA in 1959 as a short-term (<12 weeks) treatment for weight loss in combination with appropriate nutrition and physical exercise (recommended dose 37.5 mg/ day). 11, 12 It is available in some countries but not in Europe, where it was withdrawn in 2000 due to an unfavorable risk to benefits ratio. 13 Phentermine is an indirect-acting sympathomimetic agent that acts by releasing noradrenaline (NA) from presynaptic vesicles in the lateral hypothalamus. The increase in NA concentration within the synaptic cleft results in the stimulation of 2-adrenergic receptors and a resultant suppression. 14, 15 Some evidence suggests that its weight loss effects are mainly due to increase in Effects of Phentermine/Topiramate treatment 509 resting energy expenditure. 11 It is chemically related to amphetamine but does not have its addictive potential. Phentermine is listed as a Schedule IV drug because it has a low abuse potential. 11 In contrast, amphetamine is listed as a Schedule II drug.
11
Phentermine has been evaluated as both monotherapy and as combination therapy.
14 A meta-analysis assessed randomized controlled trials (RCTs) of the use of phentermine for weight loss in obese patients. 16 Nine studies, published between 1975 and 1999, were included. According to this meta-analysis, subjects treated with phentermine lost an average of 3.6 additional kg of weight compared to placebo (95% CI, 0.6 to 6.0). The duration of treatment varied from 2 to 24 weeks. Moreover, patients treated with phentermine maintained "fairly substantial" weight loss compared with placebo (2.43 kg) after discontinuation of the drug.
Phentermine is contraindicated when sympathomimetic drug administration may pose a significant risk, such as in patients with unstable cardiovascular disease, moderate-to-severe high BP, hyperthyroidism and unstable cardiac dysrhythmias. Phentermine is not recommended in patients treated with monoamine oxidase inhibitors or in patients with a history of drug abuse (including excessive alcohol consumption). Phentermine should be used with caution in patients concurrently treated with other agents that affect the Central Nervous System (CNS), such as drugs which increase adrenergic responses, i.e. decongestants. The most common side-effects of phentermine are tachycardia, increase in blood pressure (BP), anxiety, dizziness, insomnia, headache, dryness of the mouth and gastrointestinal complaints. 12, 17, 18 
TOPIRAMATE (TPM)
Topiramate is an anticonvulsant approved in the mid-1990s for the treatment of refractory seizures (recommended dose 400 mg/day) in conjunction with other anticonvulsants. It can also be used for prevention of migraine headaches (recommended dose 100 mg/day). 17 Topiramate is a sulfamate-substituted monosaccharide derivative of the naturally occurring sugar monosaccharide d-fructose. 11 In the process of testing topiramate for treatment of mood disorders, it was discovered that the agent might mitigate the weight gain often observed with antidepressant treatment, and a dose-ranging study has established that these effects are dose-dependent. 12, 17 This explains why some clinicians have used topiramate "off label" for the purpose of weight reduction, for which it has no regulatory approval.
The mechanisms for topiramate's weight loss effect have not been fully elucidated. Topiramate's antagonism of a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid kainate (AMPA/KA) receptors may reduce compulsive or addictive food cravings, 19 which is supported by topiramate's effectiveness in improving binge eating disorder 20 and in reducing other addictive behaviors. 21 Topiramate's activation of gamma-aminobutyric acid (GABA) receptors is likely to decrease night-time and deprivation-induced feeding, 22 which results in persistent weight loss in combination with decreased feeding. While animal studies suggest that topiramate could increase the levels of neuropeptide Y (NPY) in the hypothalamus (an effect that would seem to promote positive caloric balance,
2 ) topiramate might also increase levels of hypothalamic corticotropic-releasing hormone, which are likely catabolic. 24 It may also increase hypothalamic galanin, with unclear body weight implications. While some studies suggest leptin levels decrease with topiramate-induced weight reduction, 25 other reports indicate that leptin levels are either not significantly decreased, or only modestly decreased with topiramate-induced weight loss, which is another effect that may favor persistence of weight loss. 26 Anorexia is commonly reported with topiramate; however, topiramate probably does not reduce objective measures of appetite during weight loss. Reduced hunger and appetite during weight loss could reflect cumulative anorectic effects of topiramate, balanced against the orexigenic effects of topiramate-promoted fat loss or related to energy deficit through other mechanisms. 27 This would favor persistence of weight loss. Regarding energy expenditure, topiramate might decrease energy storage and usage efficiency and thus increase energy expenditure. 27 Topiramate might inhibit adipocyte mitochondrial carbonic anhydrase isozyme V, 28 thereby inhibiting carbonic anhydrase-mediated lipogenesis. 29, 30 Topiramate probably also affects lipoprotein lipase activity in white and brown adipose tissue, which would limit free fatty acid substrate for lipogenesis and may increase thermogenesis. 31 An interesting meta-analysis of six studies assessed the efficacy of topiramate in terms of weight loss (Figure 1) . 12 The pooled random-effects estimate of the percent weight loss in topiramate-treated patients compared with placebo-treated patients was 6.5% (95% CI, 4.8% to 8.3%) for 24 weeks of treatment. In a dose comparison, topiramate at 192mg/day produced more weight loss than 96mg/day.
Topiramate may have adverse effects, many of them being dose-dependent. Some of them could be related to carbonic anhydrase inhibition, such as paresthesia, dysgeusia, metabolic acidosis, increased risk of kidney stones and oligohidrosis. Other sideeffects are independent of the inhibition of carbonic anhydrase, such as anorexia, fatigue and somnolence. Moreover, other adverse events have been reported such as dry mouth, constipation and, less commonly, diarrhoea. Special mention should be made of the potential CNS adverse experience of topiramate, although rare, which includes depression and difficulty with concentration and memory. Finally, topiramate can very infrequently cause acute myopia, sudden onset of blurring of vision, redness of the sclera, photophobia and discomfort of the eyes resulting from secondary angle-closure glaucoma. 11, 12, 17 
PHENTERMINE/TOPIRAMATE CR (QSYMIA ® )
After the withdrawal of sibutramine and rimonabant, the need for new, safe and effective anti-obesity drugs became urgent. Qsymia ® , a combination drug which consists of low doses of immediate-release phentermine and controlled-release topiramate, was approved by the US FDA in July 2012 as an addition to a reduced-calorie diet and exercise for chronic weight management. The combination is being assessed for this indication by the EMA. The effectiveness and safety of Qsymia ® has been evaluated in several Phase III trials (Table 1) . [32] [33] [34] EQUATE (Vivus inc press release Dec. 11 th 2008) was a 28-week study. It included 756 patients, 79% of whom were women with a BMI=30-45kg/m. 2 The treatments used were placebo, phentermine 7.5mg, phentermine 15mg, topiramate CR 46mg, topiramate CR 92mg, PHEN/TPM CR 7.5/46mg and PHEN/TPM CR 15/92mg. The weight loss was 1.7% with placebo, almost 6% with phentermine or topiramate and about 9% with the combination treatment (p<0.001). The proportion of patients with PHEN/TPM CR who achieved weight loss of over 5% of their initial body weight was more than triple that observed with placebo. The percentage of patients who lost more than 10% of their initial body weight was 41%, 39% and 7%, for PHEN/TPM CR full, mid dose and placebo, respectively. The dropout rate was about 30%. Statistically significantly more patients achieved 10% and 15% weight loss in both active treatment groups compared with the placebo group.
CONQUER was a 56-week study and included 2487 patients (aged 18-70 years) with a BMI=27-45 Significantly more PHEN/TPM CR-treated patients at each dose achieved 5%, 10%, 15% and 20% weight loss compared with placebo (p<0.001). The completion rate was about 84%.
EFFECTS ON METABOLIC AND OTHER PARAMETERS
In the large randomized trials, significant improvements in several metabolic and other obesity-related co-morbidities were observed ( Table 2) . [32] [33] [34] Waist circumference (WC) decreased significantly in all active treatment groups in all studies, but more markedly in the full-dose groups. Specifically, there was a decrease in WC from 9.2 to 10.9cm in the fulldose groups, while in the placebo groups there was a reduction from 2.4 to 3.6cm.
Effects on blood pressure
In all the studies, systolic and diastolic blood pressure reduced significantly from baseline in PHEN/ TPM CR groups, especially with the full dose, while in the groups taking placebo it decreased by a lower percentage or even increased. Of note, in most trials the decrease in blood pressure in the PHEN/TPM CR groups was statistically significantly different from that observed in the placebo arms. The placebo effect was greater in SEQUEL than in the other two trials. In the latter study there was no significant difference in blood pressure effect between treatment kg/m 2 and two or more of the following co-morbidities: systolic BP (SBP)= 140-160mmHg, diastolic BP (DBP)=90-100mmHg, TG=2.26-4.52mmol/L, FBG >5.55mmol/L, increased waist circumference (WC) or T2D (patients could be on medication for BP, TG and diabetes). The patients were assigned either to placebo (n=944), PHEN/TPM CR 7.5/46mg (n=498) or PHEN/TPM CR 15/92mg (n=995) and the change in body weight was -1.4kg, -8.1kg and -10.2kg, respectively (p<0.0001). The 21% of the patients who were on placebo achieved at least 5% weight loss, the 62% on PHEN/TPM CR 7.5/46mg and the 70% on PHEN/TPM CR 15/92mg; for 10% weight loss, the corresponding numbers were 7%, 37% and 48%.
Interestingly, in EQUIP and in CONQUER more patients discontinued treatment in the placebo group compared to the PHEN/TPM CR groups. A possible explanation is that patients in the active treatment groups observed better results mainly in terms of weight loss and they were therefore encouraged to continue their treatment.
SEQUEL, a 52-week extension of the CONQUER study, started in December 2008 and was completed in June 2010. The participants (n=676) continued the original treatment to which they were randomly assigned during CONQUER. Least-squares mean percentage changes from baseline in body weight were -1.8%, -9.3% and -10.5% for placebo, PHEN/TPM CR 7.5/46 and PHEN/TPM CR 15/92, respectively. arms. 33 This may have been due to a net increase in the number of antihypertensive medications used by the placebo group, whereas there was a decrease in the number of medications in subjects receiving both doses of active treatment.
Effects on glycemic control and type 2 diabetes
The statistically significant reduction in fasting blood glucose was seen mainly with the 15/92 dose. Moreover, in the active treatment groups an improvement in glycated hemoglobin was observed compared to placebo. More patients in the placebo groups needed an increase in the number of antidiabetic drugs than in the PHEN/TPM CR groups. Notably, patients with both doses of phentermine plus topiramate and with diabetes at baseline exhibited more pronounced reductions in glycated hemoglobin than the overall sample. 32, 33 These results suggest that the treatment may be more beneficial for diabetic subjects. SEQUEL showed that in subjects without T2D at baseline, the favorable effects of weight loss on insulin sensitivity and glycemia were associated with decreased progression to T2D during the 2 nd year of study. A 54% reduction in progression to T2D in subjects taking 7.5/46 and a 76% reduction in subjects receiving the 15/92 compared to placebo were observed. 33 Interestingly, in a very recent study in patients with metabolic syndrome and/or prediabetes, treatment with PHEN/TPM CR resulted in a 70% reduction in progression to T2D in those taking 7.5/46 and a 79% reduction in those receiving the 15/92 compared to placebo. 35 In the several studies, no assessment of the effects of treatment on metabolic syndrome and on non-alcoholic fatty liver disease (NAFLD) was performed. However, the impressive weight loss achieved with PHEN/TPM CR as well as the significant improvement of the metabolic profile may suggest that more than 50-60% of patients would no longer present these two conditions after treatment.
Effects on lipids
In all studies, treatment with PHEN/TPM CR led to greater reductions in triglycerides (TG) and greater increases in high-density lipoprotein (HDL) cholesterol than did placebo, especially with the full dose. [32] [33] [34] A decrease in low-density lipoprotein (LDL) cholesterol from baseline was observed with both PHEN/TPM CR and placebo. In most studies, reductions in LDL-cholesterol were not statistically more pronounced in the active treatment groups than in the placebo groups. Only in SEQUEL did the placebo group experience a greater decrease in LDL-cholesterol than in the PHEN/TPM CR groups. 33 However, during this study more patients in the PHEN/TPM CR groups decreased their consumption of lipid-lowering drugs. In most studies, more patients in the placebo group needed an increase in lipid-lowering medication compared to patients in the PHEN/TPM CR groups.
ADVERSE EVENTS
In all the studies, the severe adverse events were similar between the PHEN/TPM CR groups and the placebo groups. [32] [33] [34] Most of the common adverse events could be interpreted in relation to what is known about the adverse effects of the two drugs individually. In all the studies no statistically significant changes in heart rate were observed in patients on low and mid doses compared to placebo. [32] [33] [34] Patients who received full doses experienced a small increase in mean heart rate of 1.2-1.7beats/min, an effect which was statistically significantly different from the changes observed in the placebo groups in two trials 32, 33 but not in a third trial. 34 The most frequent side-effects were paresthesia, dysgeusia, dry mouth, constipation and insomnia. 11, [32] [33] [34] These adverse events occurred in patients who received full and mid doses but not in those who took the low dose. Irritability, anxiety, disturbance in attention and nephrolithiasis were less common side-effects observed in EQUIP and CONQUER in subjects receiving either full or mid doses. Dry eye, dry skin, decreased serum bicarbonate and feeling jittery were seen in CONQUER but only in the 15/92 group. In SEQUEL, which assessed the safety and tolerability of PHEN/TPM CR for 108 weeks, the adverse events which occurred between weeks 54 and 108 were similar to those reported in the other trials in the first year of treatment. However, the incidence was markedly lower in the second year than in the first year. 33 Several scientists and the FDA raised the issue of potential birth defects associated with PHEN/TPM CR treatment. These concerns were based on a few studies in animals and humans which assessed the po-tential teratogenic effect of topiramate. [36] [37] [38] The results of clinical studies assessing the role of PHEN/TPM CR treatment on birth defects are inconclusive. In EQUIP there were 15 pregnancies in women exposed to PHEN/TPM CR. 34 Among these, there were three spontaneous abortions, three elective abortions and nine healthy live births, while no congenital malformations were observed. During SEQUEL, there were two pregnancies, one carried to term in the 15/92 group and one resulting in miscarriage at approximately 6 wk gestation in the placebo group. 33 The pregnancy that was carried to full term resulted in a healthy macrosomic infant with no observed teratogenic effects. Accordingly, the FDA approved Qsymia ® with a Risk Evaluation and Mitigation Strategy (REMS), which consists of a Medication Guide providing patients with important safety information that includes prescriber training and pharmacy certification. The purpose of the REMS is to educate prescribers and their patients about the increased risk of birth defects associated with first trimester exposure to Qsymia ® , the need for pregnancy prevention and the need to discontinue therapy if pregnancy occurs. Qsymia ® will only be dispensed through specially certified pharmacies. Depression is a major concern connected with several anti-obesity drugs and in EQUIP it occurred at a higher frequency only in patients who received PHEN/TPM CR 15/92. In CONQUER, although the incidence of depression was higher with the full dose than with placebo, various analyses of Patient Health Questionnaire (PHQ-9) scores showed no differences between the three groups and the use of new antidepressant drugs by the patients did not increase. Neither suicidal behavior nor suicidal ideation with intent to act was reported in the different studies. Importantly, after two years of treatment (SEQUEL trial), the occurrence of depression-related adverse events were comparable in the placebo and the 15/92 group. Thus, PHEN/TPM CR at the full dose may increase depression mainly during the early phase of treatment. In the large clinical trials, participation of patients with a history of depression, with adequately controlled depression based on PHQ-9 scores, and those on stable doses of antidepressants was allowed. The main exclusion criteria were recurrent major depression, presence or history of suicidal behavior or ideation with intent to act and current substantial depressive symptoms. Therefore, probably treatment with PHEN/TPM CR should be avoided by patients with uncontrolled depression or with suicidal behavior or ideation with intent to act.
LIMITATIONS OF STUDIES
The limitations of these large trials were primarily the overrepresentation of women (70-80%) and the lack of ethnic diversity (~80% white persons). 16, 33 In CONQUER as well as in SEQUEL, there was a restriction on the upper limit of BMI to 45kg/m 2 , while in EQUIP many participants did not have any significant obesity-associated co-morbid diseases.
WHAT IS NEW AND CONCLUSION
PHEN/TPM CR treatment with lifestyle interventions produces significant weight loss compared to placebo. Moreover, an improvement in the metabolic profile was observed. The efficacy of PHEN/TPM CR seems very favorable compared with the efficacy of existing and other emerging drugs. Placebo-subtracted weight loss with PHEN/TPM CR was between 6.5% and 8.6%, while with orlistat it was less than 3% and with lorcaserin, the other anti-obesity drug newly approved by the FDA, 3.3%. However, randomized head-to-head trials are needed in order to draw any definite conclusions about relative efficacy of the various drugs. 39, 40 PHEN/TPM CR was well-tolerated and there was no increase in severe adverse events compared to placebo. Moreover, though the cost of this drug is quite high, it is similar to that of other anti-obesity drugs currently or previously on the market. Given that the cost of obesity and obesityrelated diseases is substantial, the cost-benefit ratio of long-term PHEN/TPM CR treatment should be assessed.
Further studies with larger groups of men and people of various ethnic origins will surely be informative. In future studies, determining the extent to which weight loss is maintained in the longer term would be useful. Moreover, further trials are needed in order to assess the long-term safety of PHEN/ TPM CR treatment beyond two years in view of the fact that obesity is a relapsing disease and chronic pharmacotherapy may be needed.
